To decontaminate radioactive substances on agricultural land and in forests, densification experiments using comminution and pelletization on a laboratory were carried out for woody branches and leaves as primal study.
Introduction
A tidal wave caused by the huge earthquake on March 11, 2011 severely damaged the Fukushima-dai-ichi nuclear power plant, whereupon an explosion causing the release of radioactive substances occurred.
According to a survey of contaminated radioactive cesium in the deciduous and coniferous forests of Fukushima in September 2011, the contamination ratio of soil and litter (surface soil composed of leaf) exceeded that of leaves and branches of trees in deciduous forests 1) . Conversely, nearly half the total cesium remained in leaves and branches, while a third remained in litter for Japanese cedar coniferous forests. This suggests that deciduous forest lacked leaves and that the contamination ratio was lower when radioactive cesium was discharged. Japanese cedar is well-known as an evergreen species, for which cesium is prone to attach to leaves. Furthermore the cesium was contained from the soil surface to a the depth of 50 mm, but at a ratio of less than 10%. Accordingly the radioactive cesium did not penetrate the soil very deeply, suggesting that removal of leaves, branches and litters could be effective in decontaminating radioactive compounds.
However the area of decontamination is widespread spread over eastern Japan, and the leaves and branches are generally bulky at first; i.e. with a lower bulk density compared to the soil and stem. To improve the handling of such bulky biomass and minimize the storage area, densification is a promising method. . However the bulk density of the raw sample for the Japanese and Himalayan cedars was measured by another method. For the Japanese cedar, the value was adopted in literature, while for the Himalayan cedar, the measurement was performed using a commercial 20 L plastic vessel. Fig. 1 shows a machine for testing mechanical durability (Sanyo Trading Co. Ltd.). Each 500 g portion of pellets was placed in the boxes attached to both sides of the instrument, whereupon the pellets were exposed to a rotational force at 50 rpm for 10 min. After rotation, all samples were collected and screened using a sieve with 3 mm round holes. More than 97.5% of the sample remained in the sieve, which met the testing standard.
The moisture content varies for each comminuted and pelletized sample. Thus it is necessary to remove the effect of moisture content to evaluate the degree of densification more accurately. In this study the degree of densification was characterized as the bulk density ratio of comminuted or pelletized sample to the raw sample on a dry basis as shown in eq. 1.
Densification ratio (-) =
The concentration of radioactive cesium was measured by a germanium semiconductor detector (Canberra corp., GC-2520) for acquisition time of 3600 s. Table 1 shows the bulk density and moisture content for comminuted and pelletized samples, the former of which was increased by comminution for each sample. The bulk density after primary comminution was 220 -300 kg/ m3 on wet basis for the Japanese and Himalayan cedars. was omitted for the Japanese zelkova, the bulk density was 250 kg/m 3 after secondary comminution. The densification ratio on dry basis was also shown in Table 1 . The ratios were 4.9, 9.3 and 8.6 for the Japanese cedar, Himalayan cedar and Japanese zelkova, respectively, after secondary comminution. This suggests that comminution can reduce the volume of raw branches and leaves effectively.
Results and Discussion
Furthermore, the bulk densities after pelletizing were 580, 660 and 760 kg/m 3 on wet basis and densification ratios on dry basis were 9.5, 14.1 and 26.9 for each sample. This means that pelletizing enabled further densification and reduced the initial volume by less than one-tenth. Table 2 shows the mechanical durability of pelletized samples. It was found that the durability exceeded 97.5% for the Japanese cedar and Japanese zelkova, suggesting that the pellets have sufficient durability during handling and storage. However it was also found that insufficient pelletization was conducted when the feeding rate exceeded 10 kg/h for the leaves and branches of Japanese cedar themselves in this study, hence the woody portion was blended with branches and leaves and pelletization was performed (50:50 blend ratio on dry weight). Table 3 shows the bulk density and moisture content, and Table 4 the mechanical durability for the woody portion, leaves, and their mixture of Japanese cedar.
For the woody portion alone, it was possible to produce pellets at a feeding rate of under 40 kg/h although the This meant it was possible to produce mixed pellets without decreasing the feeding rate of leaves and branches. Table   4 also shows the concentration of radioactive cesium for each sample. The concentration for woody portion received in this study was less than the detection limit (< 11 Bq/ kg), while that for leaves and branches was 850 Bq/kg on dry basis. The figure for mixed pellets is between those values (almost half). Mixing the woody portion with a low cesium concentration allowed both stable pelletization and reduced cesium concentration. From the data obtained on a laboratory scale, a larger scale densification plant (feeding rate of 200 kg/h) for herbaceous and woody biomass was constructed in Fukushima prefecture and a densification experiment using the biomass obtained on-site is underway to design on a practical scale.
Conclusion
To decontaminate radioactive substances on agricultural land and in forests, densification study involved comminution and pelletization on a laboratory scale for woody branches and leaves was carried out. Consequently, densification ratios were ranged from 3.5 to 8.6 by comminution and 9.5 to 27 by pelletization. By mixing the woody portion with leaves and branches, the mixed pellet showed sufficient durability as well as reduced radioactive cesium concentration without decreasing the feed rate.
A densification test for herbaceous and woody biomass on a larger scale (200 kg/h of feedstock) is underway at Fukushima prefecture, to design the practical plant.
